DOCUMENT RESUME 



SE 049 092 

Bitner-Corvin, Betty L» 

The 6ALT: A Measure of Logical Thinking Ability o£ 

7th through 12th Grade Students. 

87 

43p.; Paper presented at the Annual Meeting of the 
National Association for Research in Science Teaching 
(60th, Washington, DC, April 23-25, 1987) • For 
related documents, see SE 049 090-091. 
Reports - Research/Technical (143) — 
Speeches/Conference Papers (150) 

MF01/PC02 Plus Postage, 

Cognitive Development; Cognitive Dissonance; 
*Cognitive Measurement; *Cognitive Tests; 
Intermediate Grades; ^Logical Thinking; Science 
Education; Secondary Education; *Secondary School 
Science 

*Group Assessment of Logical Thinking; Science 
Education Research 



The purpose of this study was to determine the level 
of reasoning of a convenience sample of all seventh through twelfth 
gjrade students (N=156) in a consolidated school district in rural 
Arkansas prior to the introduction of a thinking program in which 
logical thinking is one component. Four research questions were 
investigated: (1) What percentage of seventh through twelfth grade 
students are formal operational thinkers as measured by the Group 
Assessment of Logical Thinking (GALT)? (2) Are there significant 
differe^^ces in the level of thinking as measured on the GALT among 
seventh through twelfth grade students? (3) Are there gender 
differences in logical Ithinking ability of seventh through twelfth 
grade students as measured by the GALT? and (4) What are the 
underlying differences among seventh through twelfth grade students 
classified as formal, transitional, or concrete operational? The 
12-item abbreviated form of GALT was selected to measure the 
reasoning level of the sample. Eleven percent of the sample measured 
formal operational on the GALT* Significant results in favor of the 
tenth grade group were found. Significant values were found in favor 
of the males on the conservation mode, conservation of volume, and 
probabilistic reasoning and in favor of the females on combinatorial 
logic. (CW) 
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The GALT: 

A Measure of Logical Thinking Ability 
of 7th through 12th Grade Students 

Abstract 

The Group Assessment of Logical Thinking 
<GALT> (Roadrangka^ Yeany, & Padilla, 1982) was 
used to determine the reasoning level of a 
convenience sample of seventh through twelfth grade 
students (N - 15S> and logical thinking as a 
unitary construct. Eleven percent of the sample 
measured formal operational on the GALT- The 
results of the cne-way ANOVA (GALT by grade:) was 
significant in favor of the tenth gradt:. group. 
Significant t-values were found in favor of the 
males on the conservation mode^ conservation of 
volume (item 4> ^ and probabilistic reasoning (item 
16> and in favor of the females combinatorial logic 
( dance) • The principal components analysis of the 
six reacsoning modes of the GALT resulted in all 
items loading on factor 1 except items 1 and 4^ 
both conservation problems^ and item 13^ 
a probabilistic reasoning problem^ which loaded on 
factor 2- The total c>:plained variance was 44.5^- 
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Thtt GALT: a MMsur^ of Logical Thinking 
Ability of 7th through 12th Grad^ Students 

Functioning in ttim *'Inf omational Age Society*' 
neceeeitatee processing information (Naisbitt^ 
1982; Toffler, 1960) rather than just memorizing 
facts. A challenge of the **Inf ormation Age 
Society'* (Naisbitt^ 1962) is the development of 
scientifically and technologically literate 
citizens <James & Kurtz^ 1985; National Science 
Board Commission, 1983; Yager, 1964). Scientific 
and technological literacy depends on the 
understanding of and the application of scientific 
concepts, laws, and principles. Many scientific 
concepts, laws, and principles such as atomic 
structure, energy, force, and motion demand logical 
thought processes. Inhelder and Piaget (1958) 
advanced the need for the development of 
propositional logic, of formal operational 
<5chemata, and of the integration of these 
operational schemata and propositional logic as 
essential logical reasoning operations. The 
development of logical reasoning occurs between the 
agett of nine and fifteen (Inhelder & Piaget, 1956). 
It is also at these ages that science as a separate 
subj>i»ct area is introduced in the school. 

The structure of formal operational reasoning 



GALT 

has b««n qiiMtiensd. Formal oparational raaaoning 
as a unitary construct has baan supportad by Lawson 
<1S77> 1982); Lawson and Rannar (1975); Tobin and 
Capia" < 1980a, 1980b, 1981); and Roadrangka, Yaany, 
and Padilla (1983). • Othar rasaarchars <a.g., 
Ahlawat & Billah, 1982; Bitnar, 1986; Karplus, Adi, 
& Lawson, 1980; Lawson, 1978; Lawson, Karplus, A'di, 
1978; Lavina- & Linn, 1977; Stavar & Gabal, 1979) 
found that formal oparational raasoning is not a 
unitary construct. Lawson <1982b> concludad that a- 
unitary structura of formal oparational thinking 
will ba found if tha instrument oif logical thinking 
maasuras only four problams <i.a,, proportional 
raasoning, control of variables, correlational 
reasoning, and probabilistic reasoning). In 
addition, he identified three other criteria for 
establishing formal oparational thinking as a. 
unitary structure: <a> homogeneity of the sample in 
respect to age, <b> heterogeneity of the sample in 
respect to mental ability, and <c> subjects who are 
either developing or have recently reached formal 
operational thinking. 

Capie, Newton, and Tobin (1981); DaCarcar, 
Gabal, and Stavar (1978); and Lawson (1985) have 
identified five formal modes of reasoning <i.e;, 
proportional reasoning, controlling variables, 
probabilistic reasoning, correlational reasoning. 
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and combinatorial raaaonlng> as aasantlal for 
sclanca and; nathamatlca achlavamant. at tha upper 
1 avals Tha laportanca of proportional reasoning . 
has baan anphaslzad for both Introductory and 
advanced science courses (Wollnan and Lawson, 1978>. 
and specifically in the application of quantitative 
relationships in science (Karplus, Karplus,, 
Foraisano, & Paulsen, 1979> • In addition, they 
(Karplus at al., 1979> stressed the role of 
controlling variables in the understanding of 
.cause-and '-effect relationships. In addition, 
Kof stein and Handler (1985> found' that probability 
contributed significantly to the variance in 
physics and cheaistry. Formal operational 
reasoning is a predictor of performance in 
chemistry (Howe & Ourr, 1982>, of the understanding 
of evolution concepts (Lawson, 1983b}, and of 
science and. mathematics achievement of eighth grade 
students ( Bi tner , 1 986 > • Moreover , f ormal 
operations are vital in science and mathematics 
achievement as well as genaralizable and nacesaary 
across tha disciplines (Capia et al., 1981; Lawaon, 
1982a; Linn, 1982>. 

Formal operational thinkers outperformed 
transitional and concrete operational thinkers on 
abstract and concrete tasks* Formal operational 
high school chemistry students (Cantu & Herron, 
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1978); ••condary biology, chMistry and physic* 
»tud«nt» <Law»on & R«hn«r, 1975) ; ninth and t«nth 
grad«- »tud«nt» in «iath«»atic«, chMistry, phy©ic», 
and biology <Hof»t«ih al., 1985); propositional 
think«r» <Law»on, Lawaon, & Lawson, 1984) 
outperformed transitional and concrete operational 

thinker*. ' . 

In general, »ale» outperformed female* on 
formal reasoning ta»k» (Farrell & Farmer, 1985; 
Hof.tein et al., 1985; Meehan, 1984; Karplu. et " ■ 
al., 1979). Meehan' <1984) in- a .meta-analysis of 
fifty-three »tudie» fouad that male* scored 
significantly better than female* on propositional 
logic, control of variables, and proportionality. 
Also, Hof stein et al. <1985) reported that males 
outperformed females on eight of the fifteen tasks 
on Lawson's test. In addition, low-income urban 
males performed better than females on control of 
variables and proportionality (Karplus et al., 
1979) . 

Factors that impede or facilitate formal 
operational reasoning have been identified. 
Inhibitors of formal reasoning include field- 
dependency and superfluous information in a 
problem-situation (Lawson, 1982b, 1983a, 1983b; 
Lawson, 1985? Lawson ft'snitgen, 1982; Levine & 
Linn, 1977; and Linn, 1980), impulsive cognitive 
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styltt and low siMtal capacity <Lawaon, 198S) , and 
atudants^ Inaecurata %xpactatlona of varleiblM and 
aga (Linn, 1980; Linn, 1982; Linn, Clamant, & 
Puloa, 1983) • On tha othar hand. It haa baan found 
that' concapt faalllarity <Chaapagna, . Klopf ar , 
Andaraon,: 1980;. Linn & Lavlna, 1978; Lazarowltz 6 
Shamaah,' 1986; Puloa & Linn, 1981) and taak contant 
and taak problaa (Lawaon, 1982b,' 1983a, 1983b; . 
Linn, Puloa, & Gana, 1961)* facllltatad formal 
raaaonlng. Spaclf Ically, coricrata phyalcal aiodala 
(Cantu & Harron, 1978; Gabal, 1979; Stavar, 1984; 
Wollaan & Lawaon, 1978), Inquiry laboratory 
approach In aclanca concapt achlavaaant for 
concrata and formal oparatlonal thlnkara (Gabal, 
1979; Stavar, 1984), and cognltiva dlsaonanca 
(Stavar, 1984) hava baan racoamandad. 

Raaaarch abounda on atudlaa of logical 
thinking abllltlaa. Until racantly oftan tha 
a papar-and-*pancll format with actual 
damonatratlona of tha taaka (a«g«, tha Claaaroom 
Taat of Formal Oparatlona) waa uaod (Lawaon, 197S) • 
Tha Group Aaaaaamant of Logical Thinking (GALT) 
(Roadrangka, Yaany, & Padilla, 1982) providea an 
altarnativa to tha abova format. Tha GALT la a 
papar-and^-pancil inatrumant of logical thinking in 
which tha axaminaaa muat raapond corractly to both 
tha anawar and tha raaaon. In tha validation 
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•tudy, Roadrangka, Yaany, and Padilla <1983) found 
a reliability coafficiant of ,85 batwaan tha GALT 
and tha Piagatian Intarviaw Tasks. Tha principal 
cowponants factor analysis rasultad in factor 
loadings ranging batwaan .33 to .73 with all itans 
axcapt tha onas »aasuring consarvation loading on 
Factor 1. Bitnar (1986) raportad that itams #8 
(proportional raasQning>, #11 and #13 (controlling 
variafc>las>, #15 and #16 (probabilistic raasoning), 
#18 (corralationel reasoning), #20 (combinatorial 
raasoning) loadad on Factor 1. Factor 1 
contributed 19.35c of tha total varianca with all 
itans axcapt #18 loading .46 or graatar. On Factor 
2 itams #1 and #4 (consarvation), #9 (proportional 
raasoning); #17 (corraiational raasoning), and #19 
(combinatorial raasoning) loadad. Loadings on 
Factor 2 wara .49 or graatar axcapt for itam 1. 
Factor 2 contributad 14. 9X of tha varianca. Tha 
two componants axtractad on tha principal 
componants varimax rotation axplainad 34. 2X of tha 
total varianca. In this study of alghth grada 
studants, Bitnar (1986) found 5J« functioning at tha 
formal oparational laval, 33X functioning at tha 
transitional laval, and 62x functioning at tha 
concrata laval. Bitnar (1986) raportad that 
students in basic leval and rasourca room wara 
axciuded from the sampla. Pramo and Fahay (1982) 

6 
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r^portttd thm p^rcMtagft of formal laval thinKars as 
follows: (a> 3.5»c (ssvsnth>i» (b> 5.2X (slghth>, (c) 
13. 2X' (ninth) r <d> 44. 7X (siavsnth), and <•> 49*5x 
(twelfth). Karplus and Karplus <1970) raportad tha 
following parcantagas of cosiplata abstract 
raasonars (N »'449> on tha Island Puzzle: fift^h 
and sixth gradars (OX), savanth through ninth 
gradars ^0X} , tanth through twalfth gradars (3X}, 
twalfth grada physics studants iBxy , 19&9 NSTA 
Convantion attandaas i6xy , and AAPT (13X}. Karplus 
at al. (1979) concludad that studants raraly usa 
proportional raasoning bafora fiftaan. In thair 
saapla of thirtaan to f if taan yaars^ old studants 
from savan countrias^ thay (Karplus at nlm, 1979) 
found only 7X of tha sampla functioning at tha 
formal oparational laval. In a oaapla of sacondary 
biology, chamistry, and physics studants <N « 133) , 
Lawson at al. (1975) found only 4.8% of tha sample 
wara full formal oparational raasonars. In a 
sampla of studant*. in gradas savan through twalva 
<N « 588), Lawson and R^nnar (1974) found tha 
following distribution in parcantagas: <a) formal: 
savanth <1X), aXghth <3x), ninth <3x), tanth <5X), 
alavanth (8%), and twalfth <12X); <b) post concrata 
(transitional): savanth <15X), aighth <2ix> , ninth 
(13x), tanth <20X), alavanth <23x), and twalfth 
<21X); and <c) concrata: savanth (83X), aighth 



7 

10 



(77X), ninth iQ2x> , t«nth <73x), •l^v^nth (7lx)r 
and twelfth (6&x> . 

In thm umm of thm GALT, both Rondrangka mt «1. 
(1963) and Bitnar (1966) found that the 
correlational and proportional reasoning itema were 
the moat aba'tract. In particular, Bitner (1986) 
noted that atudenta had definite problena with 
item d (proportional rcaaoning>, Iten 13 
(controlling variablea), itea 15 (probabiliatic 
reaaoning>, and iteaa 17 and 18 (correlational 
reaaoning). Only 20X of the aaaple (N « 147) uaed 
proportional reaaoning for item 8; th« othera uaed 
additive or intuitive reaaoning patterna. Forty- 
two percent of the aample (N « 147) uaed control of 
vax-icblea in the ramp problem. Non-formal thinkera 
reaaoned that the heavy ball waa needed becauae it 
had more force. Only 38X uaed probabilietic 
reaaoning in the item 15. Thoae who aelected the 
incorrect reaponae and reaaon did not conaider all 
dimenaiona of the problem (i.e., ahape, texture, 
and number of , geometric ahapea) . The percentagea 
anawering the correlational reaaoning problems 
correctly are aa follows: 2ix (item 17) and 37x 
(item 18 >. Those students who responded 
incorrectly did not focus on the dimensions of the 
objects, and therefore did not glean the 
relGtlonahip. Furthermore, Bitner (1986) reported 

8 
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that lOOx of tha formal oparational thinkers 
coapiatad tha corract coablnatlona for Itama 19. and 

20. • 

Thla raaaarchar daairad to dataralna tha 
raaaonlng lavala of aavanth through twalfth grada 
a^tudanta'CN «-156> prior to tha introduction of^ a 
thinking program of which logical thinking is ona 
coaponant • 

Tha raaaarch quaationa invaatigatad^ in thia 
atudy include tha following: 

1. la logical thinking a unitary conatruct aa 
aaaaurad by tha GALT7 

2. What pareantaga of aavanth through twalfth 
grada atudanta ara formal oparational 
thinkara aa maaaurad by tha GALT7 

3. Ara thara significant diffarancaa in tha 
lavai of thinking aa maaaurad on tha GALT 
among aavanth through twalfth grada 
atudanta? 

4. Ara thara gandar diffarancaa in logical 
thinking ability of aavanth through 
twalfth grada atudanta aa maaaurad by tha 

GALT? 

5. What ara tha underlying diffarancaa in 
thinking among aavanth through twalfth 
grada atudanta claaaifiad aa formal, 
tranaitional, or concrata oparational? 
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Method 

Sampl# . . 

A conv#ni«nc« »a»plii of all ••venth through 
twelfth grada atudanta <N « 156) in a conaolidatad 
school district in rural Arkansas was ussd. Ths 
rasaarchar currantly is a consultant in thinking 
skills f or tha district, K-12. Tha projact is 
fundad by tha Winttirop Rockafallar Founcv^tion. 
Instruaantation 

Tha instrumant for this study was tha : 
abbraviatad GALT a twalva-itan papar and pancil 
tast of logical thinking (Roadrangka at al., 1982). 
Tha fifty ninuta class pariods nacassitatad tha usa 
of tha abbraviatad form of tha GALT. Tha rationala 
for tha salaction of tha GALT can ba found in 
Roadrangka at al. (1983} • 

Tha twalva itaas in tha abbraviatad GALT 
aaasura six raasoning aodas: consairvation, 
proportional raasoning, controlling variablas, 
probabilistic raasoning, corralational raasoning, 
and combinatorial raasoning. All raasoning modas 
axcapt consarvation raquira formal oparational 
thinking. 

Both construct and critarion-ralatad 
validitias hava baan astabllshad for tha GALT 
(Roadrangka at al., 1983).. In addition, a 
raiiability coafficiant of ' .85 was found batwaan 
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th« GALT and thm Picgetian Intarviaw Tasks and for 
ths'GALT. . 

^Thm GALT" was administersd to ths sa»pl« within- 
a OKs wsek span of tins . Ths tssts wsrs than * 
gradsd by a graduats assistant. Subssqusntly^ ths 
rsssarchsr rschscksd th^^ tssts and assignsd a: total 
scors ranging from 0-12. To rscsivs credit for 
itsm 1, 4, S, 9, 11, 13, 15, 16, 17, and 18, ths 
sub j set had to sslsct both ths corrsct answsr and 
ths' corrsct rationals. For itss 19, ths subjsct 
had to show s pattsrn and had to* hays not mors than 
ons srror or omission. Ths subjsct had to show a 
pattsrn and had to have no mors than two srrors or 
omissions to recsivs credit for itsm 20. 

The data we^e computed using statistical 
programs from Statistics with Finesse (Holding » 
1965) 

Results 

Included in* the results section are the test 
analysis, dsccriptivs statistics, and answers to 
ths fivs research questions. 
Tsst Analysis and Descriptive Statistics 

The test analysis of the abbreviated GALT for 
the sample (N « 156 > resulted in a range of 
proportion correct from .21 to .61 and 
discrimination indicss ranging from .24 to .59 (see 
Tabls 1). All items discriminated in a positive 
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direction. Thm analysis of tha data for the total 
sasipla ylaldad a KR-20 rallablllty coafflclent of 
.83. Tha KIJ-20 raliability coafficianta for aach 
grada ara aa follows: .70 (savanth)^ .81 (alghth>^ 
.69 (ninth), .87 (tanth), .82 (alavanth) , . and .85 - 
(twalfth) .c 

Insart Tabla 1 about hara 

In Tabla 2 ara containad tha maan, standard 
daviation, and parcant on tha GALT for tha savanth 
through twalfth grada studants. Tha maan of tha 
six grada lavals rangad batwaan 1.52 and 5.22. Tha 
»san of tha tanth grada group (M » 5.22, SD « 3.30) 
•xcaadad all othar groupa in tha aampla. 

Insart Tabla 2 about hare 

Intarcorralations and Principal Components Analvsia 

Tha intarcorralation matrix for tha six modes 
of reasoning and tha total GALT acora in Tabla 3 
yielded coefficianta ranging between .17 and .78. 
The highest correlationa coeff icienta ware found 
between the GALT total score and proportional 
reasoning (.71), probabiliatic reasoning (.78) , and 
combinatorial reaaoning ( .70) . 

Inaart Table 3 about here 



12 

.15 



GALT 



Thtt principal components factor analysis of 

ths twslvs itsns in ths abbrsviatsd GALT rssultsd 

in a two factor solution* All items except the two 

which measure conservation loaded on factor one. 

Seven of the twelve values on Factor 2 were 

n'^gative. Subsequently, the principal components 

factor varimax rotation analysis of the twelve 

items in the abbreviated GALT was completed 

(Cattel, 1978; Kim & Mueller, 1978> . The y.arimax 

rotation analysis of the twelve items in the 

abbreviated GALT resulted in a two factor solution 

(see Table 4> . In this study, items 8 and 9_ 

(proportional reasoning), item 11 (controlling * 

variables), items 15 and 16 (probabilistic 

* 

reasoning), items 17 and 18 (correlational 
reasoning), and ite) \ 19 and 20 (combinatorial 
reasoning) loaded on Factor 1 with loadings between 
•37 and .88. Factor 1 contributed 30% of the 
variance. Item 1 (conservation of mass), item 4 
(conservation ox volume), and item 13 (controlling 
variables) loaded on Factor 2 with loadings ranging 
between .56 and .80. Therefore, Factor 2 
contributed 14. 5X of the variance. The two 
components extracted on the principal components 
factor varimax rotation explained 44.5% of the 
total variance. Also, included in Table 4 are the 
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bro«d variance <h*> and uniqua variance <U*> for 
the twelve Items In the abbreviated GALT. 

Insert Table 4 -about here 

The six reasoning modes were then subjected t^ 
the single-factor solution. The loadings ranged 
between* .47 and .81 with all loadings, except . those 
for conservation loading at or beyond .68. ' The 
single-factor solution of the, six reasoning modes 
explained 47. 4X of the variance. 

Reasoning Levels of Seventh through Twelfth Graders 

The percentages of students falling in the 
formal operational level per grade are as follows: 
(a) OX seventh grade students, <b) 4X eighth grade 
students, (c> 3x ninth grade students, <d> 22x 
tenth grade students, (e> 12x eleventh grade 
students, and (f> 2ax twelfth grade students.. The 
percentages of students falling in the transitional 
operational level per grade are as follows: <a> 4X 
(seventh), 2Sx (eighth), 17% (ninth), 28% (tenth), 
31X (eleventh), Sx (twelfth). In addition, the 
percentages of concrete operational students per 
grade are as follows: 96% (seventh), VOX (eighth), 
SOX (ninth), 50X (tenth), 58X (eleventh), 67%. 
(twelfth). The percentages of each reasoning level 
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for thm total sample ar« llx formal, 19X 
transitional, and 70X concreta. 



Insart Table 5 about hnrm 

Diff erancea in Reasoning Levels Among the Seventh 
through Twelfth Grade Students 

Differences in reasoning levels among the 
seventh through twelfth grade students were found. 
The results of the t-test of independent samples 
(isee Table 6> indicated that the senior high group 
(i.e., students in grades ten through twelve) 
surpassed the junior high group (i.e., students in 
grades seven through nine) on individual reasoning 
items, subtests, and GALT total. In addition, the 
result of the one-way analysis of variance 
(grade level by GALT) is reported in Table 7. 

Insert Tables 6 and 7 about here 

Gender Differences in Logical Thinking Ability of 
the Seventh through Twelfth Grade Students 

Although gender differences were limited in 
this study f significant differences were found on 
individual items. The males outperformed the 
females on the conservation item metal weights and 
on the probabilistic reasoning item squares and 
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diamonds #2. The females outperformed the malea on 
<:.he combinatorial reasoning item the dance. 

Insert Tables S about here 

Seventh through Twelfth Grade Students 

The researcher decided to examine more closely 
the responses and reasons for those items for which 
the percentage of incorrect answers and reasons 
surpassed the percentage of correct answers and 
reasons. In particular^ both the, answers and 
reasons for Items 8, 11, and 17 and only the 
answers for Items 15, 1& and 18 were scrutinized 
for patterns of transitional and concrete 
operational thinkers. A closer observation of the 
results of Item 20 indicated that only four formal 
operational thinkers selected the incorrect answer. 
Again patterns were found. 

For item S a proportional reasoning problem 
measuring ratio of water levels, only 27^ of the 
sample (N » 156) selected the correct response c, 
whereas 40x of the sample chose the incorrect 
response a and 21X of the sample selected b. Both 
response a and b represent addictive thinking. The 
pattern of correct response for item 8 per grade 
level is as follows: 15X for seventh, 5^ for 
eighth, 10% for ninth, 3X for tenth, 45c for 
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• • * 

•l«v«nth, and*22X for twelfth. Th« percentage of 
students selecting either response a or b per grade 
level 1» as follows: ^ 78X for seventh, 55x for 
eighth r 573« for ninth, 36X for tenth, 42X for 
eleventh/ and 44X f or twelfth. An examination of 
the item 'per level of thought reveals the following 
patterns:* 77X of the formal, 50X of the 
transitional, and only 13X of the concrete chose 
the correct response c. Eighteen percent of the 
formal operational reasoners selected a and 65X of 
them chose b. Of the transitional operational, 
thinkers, 37X selected a and none of them selected 
b. Forty-four percent of the concrete operational 
reasoners selected a; 29X chose b. 

The justification for item 8 also created 
difficulty for the examinees. Only 21X of the 
sample (N « 156> selected the corrected reason 2, 
whereas 33X selected reason 1, 26X selected reason 
3 and 18X selivcted reason 4. The response pattern 
for the correct reason per grade level is as 
follows: 41X of the seventh graders, 5X of the 
eighth graders, 13X of the ninth graders, 50x of 
the tenth graders, 2BX of the eleventh graders, and 
22X of the twelfth graders. The percentages 
selecting the correct reason per reasoning level 
are as follows! 65% of the formal, 43X of the 
, transitional, and 8X of the concrete. The 
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p^rcMtagM par rMsonlng l«vttl choosing thm reason 
1 ..(addltlvci rMsonlng) ar^ as follows: 18x of tha 
formal^ 20x of tha transitional, and 3Sx of the 
concrata. Raason 3 (Intultlva raasonlng> was * 
salactad by &x of tha formal oparatlonal thlnkars, 
10% of tha transitional 'Oparatlonal thlnkars, and 
33X of tha concrata operational thlnkars. Thosa 
salacting **Thara Is no way of predicting** ara 6X of 
tha formal, 23x of tha transitional, and 18x of tha 
concrata • 

Only 42X. of tha sample (N « 156> selected the 
correct x^esponse c for Item 11 the pendulum, a 
controlling variables problem. The others answered 
23X response d (doesn't understand control), 13X 
response a (are not controlling for weight), and 
lOX for response b and llx for a (both do not 
Indicate an understanding of controlling 
variables) • The percentage of the correct response 
per grade level are as follows: 20X for seventh 
graders, 44X for eighth graders, 4lx for ninth 
graders, 65X for tenth graders, 36X for eleventh 
graders, and 40X for twelfth graders. The 
following patterns ware found for the three levels 
of reasoning: (a) 94x of the formal, 67x of the 
transitional, and 27X of the concrete chose the 
correct response c. Cb) Response a was selected by 
6X of the formal, 7X of the transitional, and 16x 
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of tha concr«it#. <c) Only 8X of th% concrete 
opariitlonals sttlttctcid vmponmm b. (d> Twenty 
parcant of th^ transitional and 28X of thm 
concrata oporatlonals salactad d. (a> Only 1&^ of 
tha concrata choaa raapon^a a. 

Forty-^aix parcant of tha aanpla <M « 156) 
salf^ctad tha corract raason ^ for Itasi 11, a - 
controlling variablaa problan. Twanty-two parcant 
cho&a 2 (a lack of undaratanding of tha 
ralationahip batwaan manipulation and control), 
thirtaan parcant chosa 3 (doasn^t: undar stand 
manipulation or control), 10% choaa 4 (doasn't 
raaliza tha naad for compariaon of manipulatad 
variabla langth) , QX choaa 1 (doaan't conaidar 
manipulation of tha length) , and no raaaon <2«) . 
Tha parcantagaa of tha corract raaaon par grada 
laval ara aa followa: 33X Caavanth), 47X 
. (aighth), 45X (ninth)', 75X (tanth) , 39x (alavanth), 
and llx (twalfth). Tha corraet raaaon 5 waa choaan 
by lOOx (formal), 73x (trancitional) , and 29x 
(concrata). Rv%aaon 3 waa aalactad by 13X of tha 
tranaitionaJ, and ISX of tha concrata. Justification 
2 was chosan by 7X of the transitional and 30X of 
tha concrata. Thraa parcant of tha transitional 
and 14X of tha concrata operational thinkers chose 
reason 4. Only lix of the concrete operational 
.thinkers selected reason !• 
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Only 27X of the sample <N « 156> selected the 
correct response a for item 15^ a probabilistic 
reasoning problem. Twenty-nine percent chose 
answer e (other) ^ ^2X selected d (did not consider 
the dimensions of color and shape) ^ 17X selected 3 
(only considered one dimension*--spotted) ^ and 5X 
chose b. The percentages ox correct response per 
grade level are as follows: d>( (seventh)^ 31X 
(eighth), lex (ninth), 50sc (tenth), 27X (eleventh), 
and 39^ (twelfth). One hundred percent of the 
formal lever thinkers, 47^ of the transitional 
operational thinkers, and only 10% of tae concrete 
operational thinkers chose the correct response a. 
Response m was selected by 37% of the transitional 
operationals and 31H of the concrete .operationals . 
Response c was chosen by 13^ of the transitional 
and 20X of the concrete. Three percent of the 
transitional thinkers and 6^ of the concrete 
reasoners selected b. Only 32?< of the concrete 
operational thinkers chose d. 

Only 24^ of the sample (N » 156) selected the 
correct response a for item 16, a probabilistic 
reasoning problem. Thirty-nine percent of the 
sample selected e (other), 13% chose d (considered . 
only number of diamonds and total number of 
objects), 12^ chose b (considered only diamond 
shape), 12N chose c (considered only number, not 
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•haptt or t«xtur#), and IX <no r««pon««) • Per grade 
level, 4X (seventh), 23X (eighth), 13x (ninth), 44X 
(tenth), 27\ (eleventh), and 33N (twelfth) 
responded correctly to item 16* According to the 
levels of reasoning, 94X of the formal, 43X of the 
transitional, and SX of the concrete selected the 
correct response a* Response e was selected by the 
formal operational thinkers (&x) , by the 
transitional (47^), and by the concrete (42X) • 
Seven percent of the transitional and 17X of the 
concrete selected d* Three percent -of the 
transitional and ISX of the concrete chose b« Only 
17X of the concrete operational thinkers selected 
c* 

For item 17 a correlational reasoning 
problem (mice), 40X of the sample CN = 156) 
selected the correct response m, whereas 5QX chose 
b« Per grade level, 59X (seventh), 35X (eighth), 
17?c (ninth), 34X (tenth), 46X (eleventh), and 2ax 
(twelfth) chose the correct response a, indicating 
there is a relationship between the size of the 
mice and the color of their tails* 

The justification for item 17 seemed also to 
create a problem for the students* Only ISx of the 
sample (N >^ 156) chose the correct reason 1* 
Thirty-six percent selected 2 (observed only the 
color of the tails and the size of the mice without 
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any r^f^rMc^ to how siz^ and color ar^ ralatad in 
th; problam) , 6x chosa 4 (conaidarad only ona 
diaanaion of tha problan — tail color) ^ and 55x 
aalactad 5 (conaidarad only tha dinanaion of aiza> » 
Tha parcantagaa of corract raaaon by grada laval 
ara aa followa: 15x (aavanth), 22x (aighth), lOx 
(ninth), 26X (tanth>, 23x (alavanth), and llx 
(twalfth>« Eighty-two parcant of tha foraal 
oparational raaaonara, 20x of tha tranaitional, and 
only 6x of tha concrata aalactad tha corract 
juatif ication 1. Raaaon 3 waa aalactad by 6X. of 
tha foraal oparationala, by 40X of tha 
tranaitionala, and by 3Sx of tha concrata. Six- 
parcant of tha formal, 37x of tha transitional, and 
40X of tha concrata aalactad raaaon 2* Raaaon 4 
waa choaan by &x of tha concrata. Only 7x of tha 
concrata raaaonara choaa raaaon 5. 

Tha rationala for itam 18 <fiah>, a 
corralational problam aaamad to ba a difficult for 
the atudanta. Only 7X of tha aaapla (N « 156 > 
choaa tha -corract raaaon 2. Forty-aavan parcant 
aalactad 1 (obaarvad only tha aiza of tha fiah and 
tha width of tha atripa without raferanca to tha 
ralationahip batwaan tha two charactarlatlca) , 35x 
choaa 4 (obaarvad only that not all fiah ara tha 
saaa in raapact to atripaa and aiza> , &X aalactad 5 
(conaidarad only, tha atripaa, not tha aiza>, and 4X 
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Mliictttc: 3 <con«id«r«d only thm aIz^ of th« fi»h). 
Thm p^rcMtag^s of th# correct reason par grada * 
laval ara aa followa: 4X (aavanth), 9X (aighth), 
7X (ninth), ex (tanth), 12X (alavanth), and 6X 
(twalfth). Only 12X of tha formal, 13x of tha 
tranaltional, and of tha concrata aalactad tha 
corract rationala 2. Forty-ona parcant of tha 
formal, 53X of- tha liranaitional, and 463« of tha. 
•concrata choaa 1. Twanty-nina parcant of tha 
formal, 33X of tha tranaitional, and 37x of tha 
concrata choaa 3. Raaaon 5 waa choaan 12X by tha 
formal and 7SX by tha concrata. 

Forty-four parcant of tha aampla <r« ■ 156} 
liatad tha corract numbar of pair a of dancing 
partnara for itam 19, a combinatorial raaaoning 
problam. Tha formal oparational atudanta acorad 
lOOX on thia itam. Tha parcantagaa par grada laval 
liating tha corract numbar of dancing partnara ara 
aa followa: 30X (aavanth), 48X (aighth), 20X 
(ninth), 59X (tanth), 54X (alavanth), and 56X 
(twalfth) • Tha moat 2:raquant mrror waa tha 
rapaating of tha partnara (i.a., A-L and L-A>. 

For itam 20, a combinatorial raaaoning 
problam, only 2lx of tha aampla (N « 156> managad 
to complata tha twanty-four combinationa. Evan 
four of tha formal oparational raaaonara (n « 17) 
failad to complata tha twanty-four pattarna. Tha 
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pttrcantagas par grad* laval conplating tha pattarns 
ara as follows: 0% (&avanth>, 13X (aighth), 30x 
(nlnth>» 22X (tanth), 27X (alavanth), and 39>e 
(twalfth). Thraa of tha four formal oparatlonal 
studants who alssad Itam 20 vara malas. Ona mala 
coaplatad- just fours sats. of f our^ or slxtaan total. 
Anothar mala complatad four sats of thraa or twalva 
total.' Tha third mala bagan with a sat of fouro 
than want to sats of thraa, and finally raturnad to 
tha sats of four. Tha famala studant did not 
conaidar all combinations at tha.onsat, did not 
complata tha pat tarn, and had no raal pattarn. Tha 
concrata oparational studants raraly had a pattarn 
and aithar complatad too faw combinations or triad 
to fill all tha blank spacas. 

Discussion and Educational Implications 
Both similaritias and diffarancas axist 
batwaan tha rasults of this study and tha results 
of othter atudias in which tha GALT was utilizad 
(•.g., Bitnar, 1986; Roadrankga at al . , 1983). Tha 
tast raliability for this sampla was similar to 
Roadrankga at al.'s (1983) raliability for tha 
total GALT, but slightly lowar than Bitriar's 
<1986>. Also, tha rasults of tha principal 
components varimax rotation differ only slightly 
from those of Roadrangka at al . (1963> and 
drastically from Bitnar's (1986). In the present 
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study, only onm formal raasonlng itam (l.a., ItM 
13) fallad to load on Factor 1* Of coursa, this 
sample which >ncludad atudanta In Gradas 7-12 waa 
aiailar to Roadrankga mt al.'».<l983> aampla which 
rangad from sixth gr^da atudanta through graduata 
laval collaga atudanta, but diffarad from Bitnar^a 
<1986> aaapla of eighth grada atudanta. 

Tha proportion of atudanta <11X> in this 
saapla (N ». 156> classifiad as formal operational 
raasonars was higher than those reported by Karplus 
•t al. <1970>, Lawson at al. <1974>, and Lawson at 
al. <1975> and lower than Premo et al's <1982) 
findings. In particular, the percentage of tenth 
(22X> and twelfth (28x> grade students who are 
functioning at the formal operational level is 
high# 

In addition, obvious differences in reasoning 
exist between formal and non-formal operational 
thinkers. In the proportional reasoning problems, 
the concrete and transitional operational thinkers 
used additive or intuitive reasoning rather than 
ratios to solve the problems a In the control of 
variable problems, the transitional and concrete 
operational raasonars did not indicate an 
understanding of tha relationship between 
manipulation and control. In solving the 
probabilistic reasoning probliam, the concrete and 
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transitional oparational thinkara focused on only 
ona or two dimanaiona of tha problaw <i.a., 
gaoaatric ahapa diaaond and nuabar of diaaonda) . 
Tha concrata and tranaitional oparational atudents 
failad to obaarva tha charactariatica of tha 
objacta an^ to undaratand tha ralationahip batwaen 
tha charactariatica in tha " correlational raaaoning 
problaaa. Tha non-foraal oparational atudanta 
failad to daaonatrata a pattern and did not 
complete all coabinationa in the combinatorial 
■logic probleaa. 

The reaulta of thia atudy indicated that only 
lix of tha atudanta in gradea aevan through twalva 
are formal oparational thinkers and yet many 
scientific concept, laws, and principles require 
logical thought processes (Bitner, 1986; Capie et 
al., 1981? DeCarcer et al., 1978; Hof stein et al., 
1985; Howe et al., 1982; Karplus at al., 1979; 
Lawaon, 1982a, 1983b, 1985; Linn, 1982; Wollman at 
al., 1978>. If our goal for the 21at century is a 
•cientifically and technologically litarata 
•ociety <Jamea at al., 1985; National Science Board 
Commiaaion, 1983; Yager, 1984), intervention 
approaches are needed to bridge the gap between the 
thought proceaaes of concrete and tranaitional 
operational thinkera and the demanda' of abatract 
acientific concepta, lawa, and principlea. 



ERIC 



26 

29 



GALT 



Recomnendatlons for bridging the gap include the 
use of tuning (Linn, 1982>, the use of concrete 
physical models <Cantu et al«, 1978; Gabel, 1979; 
Staver, 1984>, the use of the Inquiry approach 
(Gabel, 1979; Staver, 1984 >, and the^ use of 
cognitive dissonance (Staver, 1984>«'- 
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Tabli 1 

Twt flralvsis of the flbtrtviattd SflLT (W « 156) 



Proportion 
Cofftct 



OiscriaiMtion 
Irdfx 



Standard 
DffViation 



Hodt Is ComirvstioR 

•1 Piecf of Clay 
«4 Mttal ytights 

Sobtests Comcrvition Ml ami M) 

Nodt 2s Proportional RNaoning 

M 61au Sizt 
#9 Scalt tl 

SiMcrti Proporticma RHSonini m and 19) 

NodtSt ConkroUinc VriaUw 

ill Ptndului Length 
tl3 Ball tl 

Svttflrti Controlling Variablet (tU nd tl3) 

Node ki Probabilistic RNMninj 

#15 Squarct and Oiaaonds tl 
#16 Squares and Oiaeonds t2 



tl7 The Hicc 
ilS The Fi!^ 

Subtciti Corrtlational Reaionini 

Hodt 6t Codiinitorial RHSonins 

#19 The Dance 

#20 The Shopping Center ' 

Subtvti CoibiMtoriil RMSoning 



.81 
.SB 

.70 



.24 
.SO 

.37 



.44 

.50 

.47 



.39 
.40 



S^ictti Probabiliitic Deaiorani <« 15 and tlfi) .40 
Mode Si CorrelatioMl Reasoning 



.30 
.38 

.34 



.44 

.21 

.33 



.45 
.46 



.52 
.58 



.58 
.55 



.59 
.56 



.37 
.24 



.78 
.54 



.15 
.31 



.37 
.41 



.21 
.20 



.15 
.03 



.44 

.21 



.41 
.50 



.36 
.46 



.48 
.49 



.41 
.40 



.36 
.16 



.50 
.41 



ERIC 



»(ote y KR-20 M « 156) « .83. The KR-20 reliability coefficients for each grade ar« .70 (seventh), 
.81 (eighth), .69 (ninth), .87 (tenth), .82 (eleventh), «nd .85 (ttielfth). 
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6ALT 



ible2 



<ttn, StanCird Dtviaticiw ft)d Perctnt on th* GflLT for 7th throuoh l£th 6f»dt Student! ftnsweriwQ Each ItBi Cortgtly jfel56) 



^NMning 

Skill 



7 

<n*27) 



(n«23) 
SO 



9 

(n«30) 
SD 



Srade 

io 

(^22) 
SD :i 



11 

(n>2fi) 

SO 



. »2 
'(n>lS) 

SO 



Total 
(N-1S6) 

SO 



ton 


7A 
• to 


7« 




\ 35 
1. 


.78 




1.50 


.68 




1.S3 


.62 




1.'31 


il 


<^ 




cp 


. M 




83 


90 


.31 


90 


.94 


.25 


94 ' 






•a 




3C 
CD 




51 




fi7 




67 


.59 


.50 


59 


.62 


Prop 


























.62 


Hhs 


• Ui 


• CI 




17 


. 




.50 


.68 




.75 


.84 




•6 


.00 


.00 


0 


.04 


.21 


4 


.10, 


.31 


10 


.38 


.49 


38 


.19 


IM 
W7 


• w 


27 


7 


.13 


.34 


13 


.40 


.50 


40 


.38 


.49 


38 


.42 


Cent 


























.96 


Var 


.22 


.SB 




.£5 


.78 




.83 


.75 




1.09 


.73 




ill 


.11 


.32 


11 


.39 


.50 


39 


.40 


.50 


40 


.59 


.50 


59 


.31. 


•13 


.11 


.32 


11 


.2£ 


.45 


26 


.43 


.50 


43 


.50 


.51 


50 


.65 


Prob 


























.54 


Rati 


.07 


.38 




.2S 


.62 




.17 


.53 




.75 


.95 




lis 


.04 


.18 


4 


.13 


.34 


13 


.07 


.25 


7 


.38 


.49 


38 


.27 


tie 


.04 


.19 


4 


.13 


.34 


13 


.10 


.31 


10 


.38 


.49 


38 


.27 


Cornl 






















.52 




.23 


taai 


.07 


vsr 




.17 


.49 




.10 


.31 




.28 




il7 


.07 


.27 


7 


.13 


.34 


13 


.10 


.31 


10 


.25 


.44 


25 


.19 


iia 


.00 


.00 


0 


.04 


.21 


4 


.00 


.00 


0 


.03 


.18 


3 


.08 


COii) 


























.65 




.30 


.47 




.61 


.72 




.43 


.57 




.81 


.78 




119 


.30 


.47 


30 


.48 


.51 


48 


.20 


.41 


20 


.59 


.50 


59 


.54 


tao 


.00 


.00 


0 


.13 


.34 


13 


.30 


.47 


30 


.22 


.42 


22 


.27 


MLT 


























4.50 


Totil 


1.52 


1.65 




3.26 2.42 




3.63 1.90 




5.22 


3.30 





.47 69 



1.28 .75 1.30 .75 47 
.78 . 43 78 . 78 .41 78 



.67 .69 



.47 . 69 11 



.83 


.91 




.78 


.79 


22 


.33 


.49 


33 


.37 


.48 


37 


.50 


.51 


50 


.41 


.49 


41 



.67 .91 



.40 .78 18 



.11 .32 

19 .11 .32 

8 .00 .00 

.94 .87 



.17 .41 1 

.15 .36 15 

.03 .16 3 

.64 .72 14 



.51 54 .56 .51 56 .44 .50 44 
.45 27 .39 .50 39 .21 .41 21 



4.50 3.20 



178 2.83 



3^ 
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GALT 



Tabl* 3 

IntTeorr«l«tlon» A»onq Subt»sf sL Forwal R«a»oninq oa GALT 
£gr 7th through 12th Grad^ StudT>t» 



1. Consarvatlon 1.00 * . 

2. Proportional .25 1.00 

Raasonlng 

3. Controlling .33 .41 1.00 

Variablaa 

4. Probabilistic .26 .53 .40 1.00 

Raasoning 

5. Correlational .17 .30 .38 .54 l.OO 

RaaKoning 

6. Combinatorial .18 .41 .40 .50 .36 1.00 

Rttttsoning 

7. Total GALT . .55 .71 .73 .78 .60 .70 i.OO 



ERIC 
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&ALT 



Factor Structuy Loading i<siL GALT Ita«» 



Raasonlng Koda 



- Principal Componants Varimax Rotation 



Two Factor Broad Uniqua Singla Factor 
Fl* F2» h*- U»- Loading /Coanun 



#1 Consarvation of Mass 

#4 Consarvation 'of Voluma 

#d Proportional Raasoning .66 

#9 Proportional Raasoning .41 

#11 Controlling Variablas .45 

#13 Controlling Variablas 

#15 Probabilistic Raasoning. .88 

#16 Probabilistic Raasoning .86 

#17 Corralational Raasoning .70 

#18 Corralat,ional Raasoning .37 



#19 Combinatorial Raasoning 
#20 Combinatorial Raasoning 
Eiganvaluas 



.80 
.67 



.56 



.46 
.55 
3.60 1.75 



.64 
.45 



.32 
.43 

.78 
.74 

.49 
.14 

.23 
.33 
5.35 



.36 
.55 



.49 .51 
.30 .70 



.68 
.57 

.22 
.26 

.51 
.86 



.67 
.72 



.47 



.72 



.71 



.81 



.68 



.71 
2.85 



.22 



.51 



.50 



.66 



.46 



.50 
2.85 



Nota . Eiganvalua > 1.00. 
*30X of tha varianca. 
**14.5X of tha varianca. 
•44. 5X of varianca 
-U« « l-h«. 
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GALT 

Tabl« 5 

Proportion all Students According feo ^hm V#vl of Reasoning 
«i M#a>ur'#d on thm GAl^T end G»nd#r_ fc)x Z^k through 
laSlL Or%dm Stud#nt^ 



L«vttl of Reasoning 
Grade Formal^ . Tranaitional** Concrete*" 





£ 




X 




£ 


X 




F 




7th <n«27> 


0 




0 




1 


4 




26 




M«l« (n«12> 


0 




0 




0 


0 




12 


44 


F«Ral« (n"15> 


0 




0 




1 


4 




14 




8th <n«23) 


1 




4 






26 




16 


70 


Nttltt <n>14> 


1 




4 




4 


17 




9 


39 


FMttItt (n«9> 


0 




0 




2 


9 




7 


30 


9th <n«30) 


1 




3 




5 


17 




24 


80 


Mttl« (n>>17'> 


0 




0 




2 


7 




15 


57 


F«Ral« (n"13> 


1 




3 




3 


10 




9 


30 


10th <n»32> 


7 




22 




9 


28 




16 


50 


Hal« Cn«lS> 


4 




13 




4 


13 




10 


31 


Famala (n«14> 


3 




9 




5 


16 




6 


19 


11th Cn'«26) 


3 




12 




8 


31 




15 


58 


Hal* (n«13> 


3 




12 




4 


15 




6 


23 


Famala in'lZ) 


0 




15 




9 


35 




13 


SO 


12th <n«18) 


5 




2S 




1 


6 




^2 


67 


Mala (n«ll> 


4 




22 




0 


0 




7 


39 


Famala Cn"7> 






6 




1 


6 




5 


28 


Total. <N»156> 


17 




11 




30 


19 




109 . 


70 


^'Formal « Laval 3, 


scora 


9- 


•12; 


it • 


9.76, 


gD » 


0.97. 






■■Transitional ■ Laval 2, 


scora 


5-8; 


11 • 


6.03, 


§fi - 


1.10. 




"Concrata ■ Laval 


1 , scora 


0-4; 




2.23 


, §a » 1.26. 
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Tabltfi 

CoKwisof) of Juftior Hinh Stixtenti Jn i SSL iSd Sewior Hinh Studenti iritMl 
Individual Itm. Subtwts. and 6flLT Total 



Itm RHSonxTig Skill 


t-^alue 


& 


1 Pisrs of CllV . 


.9916 


.1615 


4 Mttal Uiighti 


1.4772 


.0708 


Sufatcctt Conwrvation 


1.52fi5 


.0645 


A 61 MK Si2# #1 


3.B3K 


.0001 


9 Scali il 


2.6868 


.0040 


SutatKts Prooopt ional itv 


4.0243 


.0000 


11 PvwiuliM Lmith 


1.7458 


.0414 


13 Ball il (Ra^)) 


3.6493 


.0002 • 


Sufattctt Control lino Variablts 


3. 3533 


.0002 




4.3476 


.0000 


Ifi Squartf and Oiaionds 12 


3.7033 


.0001 


Subtest: Probabilistic fitasoning 


4.1877 


.0000 


17 Tbi Hict 


1.7198 


. .0437 


IB The Firi) 


1.0624 


1.1449 


Svbtettt Correlational Reasoning 


1.7164 


.0440 


19 The Danct 


12770 


.0006 


20 The Shopping Center 


1.9418 


.0270 


Subtest! Coabinatorial Reasoning 


3.7BS6 


.0001 


SflLT Total 


4.6736 


.0000 



Nott I. Tht Kins of tht wnior high studmtt surpassed tht Kins of the junior 



students on all variiblest 

38 

41 



Tabl* 7 " 

On«-Wav AnalvslK of Variancat Grada Laval by GALT 



Sourca 


DF 


SS, 


Kg 


F 




Among 


5 


241.48 


48.30 


7.21 


.0000 


Within 


149 


997.92 


6.70 






Total 


155 . 


1239.39 


• 
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Tabltt 8 

CoMParlson of Mal«»* and Famalas^ Seoraa for 7th through 
12th Grada Studants on tha Subtaats and Individual Itaas 



Itaa Raaaonlng Skill 



Significant and non-aignif leant 
dlffarancaa <el< 0.01) 



Consarvation 

1 Placa of Clay 

4 Matal Waighta 
Proportional Raaaonlng 

8 Glaaa Siza #1 

9 ,Scala #1 
Controlling Variablaa 

11 Pandulua Langth 
13 Ball #1 
Probabiliatic Raaaonlng 

15 Squaraa and Diaaonda #1 

16 Squaraa and Diaaonda #2 
Corralational Raaaonlng 

17 Tha Mica 

18 Tha Fiah 
Coabinatorial Raaaonlng 

19 Tha Danca 

20 Tha Shopping Cantar 
GALT Total . 



Malaa > Faaalaa 

N.S. 

Malaa > Faaalaa 

■ N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 

Malaa > Faaalaa 

N.S. 
N.S. 
N.S. 
N.S. 

Faaalaa > Malaa 
N.S. 
N.S. 
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